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EVIDENCE  OF  HUMAN  INFECTION  WITH  A  RAT-ASSOCIATED 
HANTAVIRUS  IN  BALTIMORE,  MARYLAND 

JAMES  E.  CHILDS,1  GREGORY  E.  GLASS,1  GEORGE  W,  KORCH,’  RAY  R.  ARTHUR,1 
KEERTI  V.  SHAH,1  DAVID  GLASSER,2  CYNTHIA  ROSSI,’  and  JAMES  W.  LEDUC 


Viruses  of  the  proposed  genus  Hantavi¬ 
rus  (in  the  family  Bunyaviridae)  are  etio- 
logic  agents  of  hemorrhagic  fever  with  renal 
syndrome  in  Asia  and  Europe  (Y;  2)7  Four 
antigenically  distinct  hantaviruses  have 
been  isolated  from  different  rodent  reser¬ 
voirs,  and  three  are  associated  with  hem¬ 
orrhagic  fever  with  renal  syndrome  in  hu¬ 
mans  (3).' The  primary  virus-rodent  asso¬ 
ciations  and  corresponding  human  diseases 
are  Hantaan  virus -Apodemus  agrarius  with 
Korean  hemorrhagic  fever  and  severe-type 
epidemic  hemorrhagic  fever  in  eastern  Asia 
(1,  4);  Puumala  vims-Clethrionomys  gtar- 
eolus  with  nephropathia  epidemica  in  east¬ 
ern  Europe,  western  Soviet  Union,  and 
Scandinavia  (2);  and  Seoul  virus  (and  other 
isolates)  and  species  of  Rattus  with  mild- 
type  epidemic  hemorrhagic  fever  in  China 
and  in  laboratory  outbreaks  of  hemorrhagic 
fever  with  renal  syndrome  (4-6).  Prospect 
Hill  virus,  isolated  from  Microtus  pennsyl- 
vanicus  in  the  United  States,  is  known  to 
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infect  humans,  but  is  not  associated  with  a 
disease  (7). 

Recently,  hantaviral  infections  in  wild 
Rattus  norvegicus  of  the  United  States  were 
documented  and  shown  by  virologic  and 
serologic  techniques  to  be  caused  by  a  virus 
antigenically  related  to  Seoul  virus,  isolated 
in  1980  from  a  Norway  rat  in  Korea^(5,  8- 
10).*The  prevalence  of  this  ipfeGtiofi  in  the 
rats  of  Baltimore,  Maryland,  is  high, 
geographically  widespread,  and  enzootic 
(10)u  We  now  report  serologic  evidence  of 
human  infections  specifically  due  to  a  rat- 
associated  Hantavirus  in  residents  of 
Baltimore.  To  our  knowledge,  this  is  the 
first  report  to  definitively  link  to  a  rat 
source  the  occurrence  of  hantaviral  anti¬ 
bodies  in  humans  who  are  lifelong  residents 
of  the  United  States.  1  •_  •  '  *  y ,  ■** 

Materials  and  methods 
Subjects 

A  total  of  1,856  serum  samples  were  ob¬ 
tained  from  1,788  persons  (two  samples 
were  obtained  from  68  persons)  from  two 
sources  in  Baltimore.  Sera  were  collected 
on  a  weekly  schedule  from  January  1985 
through  July  1986  from  persons  visiting  a 
sexually  transmitted  disease  clinic  operated 
by  the  Baltimore  City  Department  of 
Health.  A  total  of  1,478  samples  (71.7  per 
cent  male)  were  gathered  from  1,459  per¬ 
sons  with  a  mean  age  of  26.9  ±  7.7  (stand¬ 
ard  deviation)  years  and  ranging  in  age 
from  13-71.  Age,  sex,  and  household  ad¬ 
dress  specific  to  block  number  were  ob¬ 
tained  for  each  person,  but  no  clinical  rec¬ 
ords  or  personal  histories  were  available  for 
this  population.  The  area  serviced  bv  this 
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clinic  included  many  neighborhoods  known 
to  harbor  infected  rats  (10).  A  total  of  378 
sera  from  329  patients  (36.4  per  cent  male) 
at  The  Johns  Hopkins  Hospital  with  pro¬ 
teinuria  levels  equal  to  or  greater  than  250 
mg  per  24  hours  were  collected  from  March 
through  July  1986.  Proteinuria  is  a  com¬ 
mon  laboratory  finding  in  patients  with 
mild  and  severe  forms  of  hemorrhagic  fever 
with  renal  syndrome  and  was  chosen  as  a 
marker  for  identifying  potentially  infected 
persons  (11).  Subjects  from  The  Johns 
Hopkins  Hospital  had  a  mean  age  of  42.5 
±21.1  years  and  ranged  in  age  from  2-95. 
Clinical  records  and  personal  histories  were 
available  for  hospital  subjects  and  were  ex¬ 
amined  for  evidence  of  disease  compatible 
with  hemorrhagic  fever  with  renal  syn¬ 
drome  or  indication  of  foreign  travel  to 
locations  endemic  for  the  disease. 

Serologic  tests 

An  indirect  immunofluorescent  assay  us¬ 
ing  Vero  E-6  cells  (ATCC  no.  CRL  1586) 
infected  with  prototype  Hantaan  virus, 
strain  76-118  (prepared  by  Dr.  George 
French,  Salk  Institute,  Swiftwater,  PA)  as 
an  antigen  source  was  utilized  to  screen 
sera  at  dilutions  of  1:8  and  1:32  tor  virus- 
specific  antibody  (8,  10).  Sera  positive  at 
1:32  were  titrated  to  endpoint.  Previous 
experience  proved  Hantaan  virus  to  be  a 
sensitive  test  antigen  for  detecting  anti¬ 
body  in  naturally  infected  rats  and  humans 
infected  with  various  hantaviruses  (8,  10). 
Sera  positive  by  immunofluorescent  assay 
and  35  negative  sera  were  further  tested  by 
an  enzyme-linked  immunosorbent  assay 
and  by  constant  virus  plaque-reduction 
neutralization  tests.  In  the  enzyme-linked 
immunosorbent  assay,  Hantaan  viral  anti¬ 
gen  was  obtained  from  supernatant  fluids 
of  infected  Vero  E-6  cell  cultures  and  bound 
to  wells  of  microtiter  plates  (Immulon  II, 
Dynatech,  Alexandria,  VA)  coated  with 
Hantaan-specific  mouse  monoclonal  anti¬ 
bodies  (hybridomas  prepared  by  Dr.  J.  B. 
McCor~','~''  for  Disease  Control, 

Atlanta,  GA).  Supernatant  fluid  from  un¬ 
infected  cell  cultures  was  used  as  a  control 


antigen.  Serum  samples  were  screened  at  a 
dilution  of  1:100,  and  goat  anti-human  im¬ 
munoglobulin  G  conjugated  with  alkaline 
phosphatase  (Kirkegaard  and  Perry  Labo¬ 
ratories,  Inc.,  Gaithersburg,  MD)  was  used 
as  the  detector  antibody.  Optical  densities 
were  determined  spectrophotometrically 
after  adding  p-nitrophenyl  phosphate. 
Samples  were  considered  positive  for 
Hantaan-specific  antibody  if  the  differ¬ 
ences  in  optical  density  between  Hantaan 
and  control  antigen  wells  were  at  least  three 
standard  deviations  above  the  mean  differ¬ 
ence  in  optical  density  obtained  from  three 
negative  control  sera.  All  positive  sera  were 
titered  to  endpoint.  The  neutralization 
tests  utilized  Baltimore  rat  virus  (10),  Han¬ 
taan  virus  (1),  and  Prospect  Hill  virus 
(strain  MP-40)  (12).  Differences  greater 
than  fourfold  in  80  per  cent  neutralization 
titers  to  the  three  hantaviruses  were  used 
to  interpret  the  specificity  of  the  antibody 
response  and  to  indicate  the  probable  virus- 
rodent  source  of  infection. 

Results 

Sera  from  four  subjects  (three  from  The 
Johns  Hopkins  Hospital  and  one  from  the 
sexually  transmitted  disease  clinic)  were 
positive  for  Hantavirus-specific  antibodies 
by  immunofluorescent  assay,  enzyme- 
linked  immunosorbent  assay,  and  neutral¬ 
ization  tests  (table  1).  Highest  titers  of 
neutralizing  antibody  were  detected  to  Bal¬ 
timore  rat  virus,  with  titers  ranging  from 
eight-  to  greater  than  16-fold  higher  com¬ 
pared  with  prototype  Hantaan  virus.  All 
sera  lacked  neutralizing  antibody  to  Pros¬ 
pect  Hill  virus.  No  sera  negative  by  immu¬ 
nofluorescent  assay  reacted  in  any  addi¬ 
tional  assay.  The  serologic  pattern  seen 
with  these  human  samples  was  similar  to 
that  seen  among  naturally  infected  Balti¬ 
more  rats  and  distinct  from  that  seen  in 
patients  convalescing  from  Korean  hemor¬ 
rhagic  fever  (table  1).  These  results  suggest 
that  a  rat-associated  Hantavirus  was  rc 
sponsible  for  the  infections. 

Two  men,  aged  27  and  40  years  and  two 
women  aged  49  and  87  years  were  seropos- 
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Table  1 

Antibodies  to  Hantaan  virus,  Baltimore  rat  virus,  and  Prospect  Hill  virus  in  four  pt'rsons  from  Baltimore. 
Maryland,  as  measured  by  immunofluorescent  assay  UFA),  enzyme-linked  immunosorbent  assay  (ELISA),  and 
plaque  reduction  neutralization  (PRN)  test,  January  1985  to  July  1986 


Antibody  titer* 

Human  study  group 

Patient 

IFA 

(Hantaan 

virus! 

ELISA 
l  Hantaan 
virus! 

PRN 

Baltimore 
rat  virus 

Hantaan 

virus 

Prospect 

Hill 

virus 

The  Johns  Hopkins  Hospital 

i 

256 

3,400 

1 ,024 

64 

<16 

o 

128 

16,000 

1,024 

128 

<16 

3 

512 

1,800 

160 

<16 

<16 

Sexually  transmitted  disease  clinic 

Wild  rat  infected  with  Baltimore 

4 

2,048 

32,000 

>2,048 

256 

<16 

rat  virus 

1,096 

;>L»+ 

>2,048 

128 

<16 

Convalescent  serum  from  patient  with 

Korean  hemorrhagic  fever 

1,024 

8,000 

<16 

128 

<16 

*  Titers  are  expressed  as  reciprocal  values,  and  PRN  titers  are  those  resulting  in  >80ri  reduction  in  the 
number  of  viral  plaques. 

+  ND,  not  done. 


itive.  Medical  records  from  two  of  the  three 
Johns  Hopkins  Hospital  patients  (aged  40 
and  49  years)  indicated  lifelong  residence 
in  Baltimore  and  an  absence  of  foreign 
travel.  The  third  hospital  subject  had  lived 
her  entire  life  in  Baltimore,  but  records 
regarding  foreign  travel  could  not  be  ob¬ 
tained.  The  positive  serum  collected  at  the 
sexually  transmitted  disease  clinic  was 
from  a  27-year-old  male  with  an  unknown 
history  of  travel.  The  occurrence  of  a  clin¬ 
ical  illness  compatible  with  hemorrhagic 
fever  with  renal  syndrome  could  not  be 
established  for  any  person. 

An  additional  52  sera  were  positive  by 
immunofluorescent  assay,  of  which  five 
were  also  positive  by  enzyme-linked  im¬ 
munosorbent  assay  at  titers  >1:200,  but 
neutralization  results  were  uniformly  neg¬ 
ative  for  these  sera. 

Discussion 

Although  Hantavirus- specific  antibody 
has  been  reported  in  humans  in  North 
America  (7,  9,  13-15),  only  one  study  has 
implicated  a  specific  virus-rodent  source  for 
the  infections  (7).  This  association  was  for 
Prospect  Hill  virus  and  the  presence  of 
antibody  in  a  group  of  professional  mam- 
malogists,  many  of  whom  had  close  contact 
with  M.  pennsylvanicus  during  the  course 


of  field  investigations.  Our  data  indicate 
that  human  infections  with  a  rat-associated 
Hantavirus  are  acquired  within  Baltimore. 
More  detailed  epidemiologic  studies  are  un¬ 
der  way  to  document  the  types  of  exposure 
resulting  in  infection  and  potential  occur¬ 
rence  of  clinical  disease. 

Hantaviruses  of  rats  cause  human  dis¬ 
ease  in  Asia,  with  symptoms  ranging  from 
mild  influenza-like  illness  to  severe  hem¬ 
orrhagic  fever  with  renal  syndrome,  occa¬ 
sionally  leading  to  death  (4).  The  protean 
nature  of  this  disease  may  make  diagnosis 
difficult  outside  recognized  endemic  areas. 
The  high  prevalence  of  hantaviral  infec¬ 
tions  in  urban  rats  in  Baltimore  and  othef  ns 
cities  in  the  United  States  (8-10),  the  ex¬ 
istence  of  human  disease  resulting  from 
contact  with  rat-associated  hantaviruses  in 
other  parts  of  the  world  (4,  5),  and  our  — 
finding  that  humans  have  antibodies  from 
infections  acquired  within  the  United 
States  all  indicate  that  epidemiologic  mon¬ 
itoring  of  the  domestic  situation  is  war¬ 
ranted. 


w 

a 

□ 


Summary 


Human  sera  obtained  from  two  sources  / 

in  Baltimore  were  tested  for  antibodies  I  ~ 
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against  a  Hantavirus  by  a  variety  of  tech-  —  _ 

niques.  Four  persons  out  of  1,788  had  han-  inJ/°r 
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taviral  antibody  as  demonstrated  by  im- 
munofluorescent  assay,  enzyme-linked  im¬ 
munosorbent  assay,  and  neutralizing  assay. 
Neutralizing  antibody  titrations  against 
three  test  viruses  indicated  that  infections 
were  caused  by  a  rat-associated  virus.  Med¬ 
ical  histories  of  two  subjects  indicated  life¬ 
long  residence  in  Baltimore  and  an  absence 
of  foreign  travel,  implicating  a  local  source 
of  infection. 
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